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ULTRATHIN-FIIM GAS DETECTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to gas sensors. 
2. Discussion of the Background 
Gas sensors are useful for safety monitoring, process 

monitoring and control, evaluation of gaseous product 
quality, environmental control and automotive applica 
tions ranging from analysis of (i) engine air-to-fuel ra 
tios, (ii) exhaust, (ii) passenger’s compartment, and (iii) 
to breath tests. There is a signi?cant need for inexpen 
sive, selective and reliable gas sensors for performing 
these functions. 

It is known to detect a species in a composite gas 
using a thin ?lm of a suitable semiconductor material 
whose electrical resistivity changes in response to a 
presence of the species. For example, a semiconductor 
tin oxide thin ?lm may be used to detect nitrogen oxides 
NOx. See U.S. Pat. No. 4,169,369. The electrical resis 
tance of the ?lm exposed to the gas is measured and 
provides a basis for determining the concentration of 
the species. The responsiveness of the ?lm is tempera 
ture dependent. In general, it is necessary to heat the 
?lm to a predetermined elevated temperature to opti 
mize the sensitivity for the particular species. 
The delicate thin ?lm is carried on a substrate having 

a substantially greater thickness to permit convenient 
handling. It has been proposed to mount a plurality of 
semiconductor thin ?lms on a common substrate. For 
example, a second ?lm may be employed to detect inter 
ference due to a species other than the primary species 
of interest. The ?lms, which may have like or unlike 
compositions, may have distinct sensing temperatures. 
The substrate may also include an integrated circuit 

for interpreting the electrical resistance measurements, 
the operation of which may be adversely affected by 
heat. To better control temperature at other sites of the 
sensor, it is desired to limit the heating of the ?lm to the 
immediate location of the ?lm. However, heating the 
?lm necessarily results in heat loss to the underlying 
substrate, which tends to conduct heat to other loca 
tions of the device. 

U.S. Pat. No. 4,706,493 discloses a gas sensing device 
having a tin oxide thin ?lm deposited onto a silicon 
dioxide layer overlying a heating element. This tin 
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oxide thin ?lm comprises a gas contact surface carrying , 
a thin, discontinuous palladium-gold catalytic ?lm to 
enhance sensitivity. In this device the tin oxide ?lm is 
the situs of the gas detection region of the device. 
To date, however, gas sensing devices have not been 

very selective and frequently show failure mechanisms 
that preclude long term use. In particular, devices based 
on ?lm conductivity, including SnO, devices, have the 
following problems: low sensitivity (ability to detect gas 
of interest) and failure to quantify gas present, low 
selectivities (ability to detect the gas of interest in the 
presence of other gases), long-term drift, hysteresis 
e?'eets, limited range of gases that can be detected, 
limited range of operating temperature and slow re 
sponses. 

Accordingly, there is a strongly felt need for a gas 
detector which does not suffer these disadvantages. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of this invention to pro 

vide a gas detecting device which selectively and sensi 
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2 
tively detects gases with a rapid response and essentially 
no hysteresis or drift. 

It is another object of this invention to provide a gas 
detecting device capable of detecting and quantifying a 
plurality of different constituents in a multicomponent 
gas. 

It is another object of this invention to provide a gas 
detecting device wherein temperatures on the devices 
can be rapidly cycled across a broad range resulting in 
very good sensing and control. 
These and other objects are achieved according to 

the present invention which provides a new and im 
proved device for detecting gaseous species. This de 
vice includes a substrate having two opposed major 
surfaces, a dielectric window region, a heater situated 
on the dielectric window region on one of the opposed 
major surfaces, and a set of conductivity cell elec= 
trodes/thin transducing metal ?lm assembly situated on 
the dielectric window region on the other of the op 
posed major surfaces. The thin transducing ?lm 
contacts the conductivity cell electrode means. 
The set of conductivity cell electrodes/thin transduc 

ing metal assembly, in one preferred embodiment, is 
replaced by a ?rst set of conductivity cell electrodes/ 
thin transducing metal ?lm/second set of conductivity 
cell electrodes assembly. 

BRIEF DESCRIPTION OF THE FIGURES 

A more complete appreciation of the invention and 
many of its attendant advantages will be readily ob 
tained as the same becomes better understood by‘refer 
ence to the following detailed description when consid 
ered in connection with the accompanying ?gures, 
wherein: 
FIG. 1a provides a cross sectional view of the device; 
FIG. 1b provides a top view of the dielectric window 

of the device; 
FIG. 2 provides a top view of a modi?cation of the 

device; 
FIG. 3 illustrates sensor response to hydrogen at 

constant heater current; 
FIG. 4 illustrates a multi-element sensor array with 

thermally isolated windows and circuitry; ' 
FIG. 5a illustrates measured diffused heater tempera 

ture characteristics with respect to power; 
FIG. 5b illustrates simulated detector window tem 

perature; 
FIGS. 6a and 6b provide a cross sectional view of 

modi?cations of the device; 
FIGS. 7a and b illustrate circuits which may be used 

with the present device to detect a gas (7a=4-point 
measurement; 7b=2-point measurement); 
FIG. 8 provides a graph showing discrimination be 

tween two components in a gas on the basis of gas 
chemistry; and 
FIG. 9 provides a top view of one of the preferred 

embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Three embodiments for the set of conductivity cell 
electrodes/thin transducing metal ?lm assembly are 
provided by the present invention. 

In a ?rst embodiment (illustrated in FIG. 1), the set of 
conductivity cell electrode means (13) are sandwiched 
between the dielectric window region (11) and the thin 
transducing metal ?lm (12). 
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In a second embodiment (illustrated in FIG. 6a), the 
thin transducing metal ?lm (12) is sandwiched between 
the set of conductivity cell electrode means (13) and the 
dielectric window region (11). 

In a third embodiment (illustrated in FIG. 6b), an 
assembly made up of a ?rst set of conductivity cell 
electrodes (13)/thin transducing metal ?lm (12)/a sec 
ond set of conductivity cell electrodes (22) assembly is 
used. In this third embodiment, the dielectric window 
region supports a ?rst set of conductivity cell electrodes 
which are in turn covered by the thin transducing metal 
?lm which itself supports the second set of conductivity 
cell electrodes. 
The present device can be used with a broad range of 

gas sensing. The device is easily fabricated, using stan 
dard semiconductor batch processing. Fabrication re 
quires the use of only ?ve simple masking steps. Yield of 
the devices is very high and thus the devices are inex 
pensive to produce. a 
The present invention employs thin ?lm technology. 

Many devices are based on semiconductor ?lms, such as 
tin oxide (e.g., U.S. Pat. Nos. 4,706,493 or 4,169,369), 
that involve surface adsorption, diffusion of the gas 
through the bulk of the ?lm and ?nally an electrical 
response. This is not only a slow process, it also can 
cause irreversible structural changes within the sensing 
?lm resulting in deterioration of device performance. 
Others have used some thin ?lms in conjunction with 
FET devices but these are much more complex from a 
fabrication standpoint and can only be used over a lim 
ited temperature range‘. 

Referring now to the ?gures, wherein like reference 
numerals designate identical or corresponding parts 
throughout the several views, and more particularly to 
FIGS. 1a and 1b thereof, FIG. 1a and 1b provides a 
cross-sectional view and a top view, respectively, of 
one embodiment of the basic device structure (10). A 
substrate (24) comprises a selectively micromachined 
dielectric window (11) which supports a transducing 
thin metal ?lm (12) and an array of conductivity cell 
electrodes (13). The transducing thin metal ?lm (12) is 
in electrical contact with the conductivity cell elec 
trodes (13). 
The cell electrodes (13) are used to sense the ?lm’s 

conductivity and capacitance. The thin ?lm resistance 
and capacitance measurements can be performed with 
two, three or four electrodes. The two electrode case is 
the least accurate of ~ the three as the contact resistance 
is included in the measurement and is a signi?cant frac 
tion of the overall resistance. In this case, the same two 
electrodes are used for both current application and 
voltage measurement. 
Accuracy is improved with three electrodes as the 

contribution of the ‘contact resistance to the overall 
resistance is reduced. For a three-point measurement, 
one of electrodes is grounded and then current is sent 
between a second electrode and the grounded electrode 
and the voltage is measured across the grounded elec 
trode and the other non-grounded electrode. 

Further improvement is seen with a four electrodes 
con?guration (illustrated in FIG. 1b). Here current is 
sent through the two outer electrodes and the voltage is 
measured across the two inner electrodes. Additional 
redundant electrodes may be included on-chip in case of 
electrode failure (i.e., bond failure) but more than four 
electrodes does not appreciably further improve accu 
racy. 
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The sensor features the thin-diaphragm dielectric 
window (11) in the center of the chip. A heater means 
(15) below this window allows rapid temperature cy 
cling of the device, in particular of the dielectric win 
dow (11) and the ultrathin ?lm (12). The substrate (24) 
may be advantageously designed with support means 
(20). 

In the second embodiment, illustrated in FIG. 6a. the 
thin ?lm (12) is sandwiched between the dielectric win 
dow (11) and the conductivity cell electrode means 
(22). This structure improves the contact between the 
thin ?lm (12) and the conductivity cell electrodes (13) 
as compared to the embodiment, illustrated in FIG. 1, of 
thin ?lm placement following conductivity cell elec 
trode means de?nition. However, with some ?lms with 
poor adhesion to the oxide, adhesion problems may 
arise especially in the conductivity cell electrode areas. 
Adhesion can be improved by adding an adhesion 
prompting ?lm below the electrode region or under 
neath the entire thin ?lm region. ' 

In the embodiment illustrated in FIG. 66 good physi 
cal contact is obtained by adding a second set of con 
ductivity cell electrode means (22) over the thin ?lm 
(12) thus forming a sandwich comprised of the ?rst 
conductivity cell electrode means (13), the thin metal 
particle ?lm (12), and the second conductivity cell elec 
trode means (22). 
The substrate (24) and the dielectric window (11) of 

the present device comprises a SiO7/Si3N4/Si02 dielec 
tric sandwich in mild tension. The thickness of these, 
measured as the ratio of the total thickness of the silicon 
oxide layers to the thickness of the silicon nitride layer, 
is greater than 1:1, preferably greater than 2.5:1, and up 
to 6:1. 
A layer or combination of layers of insulators, metals 

or semiconductors can be added on top of the SiO; to 
modify ?lm sensitivity, to improve adhesion and/or to 
protect the oxide from a harsh environment. One exam 
ple is the case of using a Ti layer below a Pt layer. In 
addition to improving adhesion to the SiOz, the Ti/Pt 
system sensing behavior differs from Pt alone. In addi 
tion, the Ti ?lm can be irreversibly oxidized to a TiOx 
semiconducting ?lm. The Pt ?lm alone should sense 
only 02, the Ti plus Pt ?lm should sense both 02 and 
H2 and the TiO, plus Pt should sense only H2. 
The metal of the transducing thin metal ?lm (12) may 

be platinum, palladium, ruthenium, nickel, copper, rho 
dium, molybdenum, iron, cobalt, titanium, va 
nadium, tantalum, tungsten, chromium, manganese, 
gold, aluminum, tin, magnesium, osmium, zinc, silver or 
a combination of two or more of these. Of these metals, 
platinum, palladium, ruthenium, nickel, copper, rho 
dium, molybdenum, iridium, iron, cobalt, titanium, va 
nadium, tantalum, tungsten, chromium, manganese, 
gold, and silver are preferred. 
The thickness of the transducing thin metal ?lm (12) 

is from 0.5 nm to 25 nm, preferably 5 nm to 10 nm. At 
these thicknesses the ?lm may be described as contact 
ing the conductivity cell electrode means as an essen~ 
tially continuous ?lm. Depending on ?lm thickness the 
?lm may contain some areas of discontinuity. 
The resistance of the thin ?lm should be 10 ohms to 

107 ohms. Preferably it is 103 ohms to 10" ohms. 
In another embodiment of this invention, a discontin 

uous layer of a material capable of selectively removing 
one component from the multi-component gaseous mix 
ture is situated on top of the thin metal transducing ?lm 
(12). Materials, known as molecular sieves, can be spun 
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on or deposited from solution and allowed to dry to 
obtain ?lms which are especially effective in molecular 
size separation as the pore size of the sieve determines 
whether a molecule will be able to pass through the 
sieve and reach the sensing surface. Such materials 
include zeolites which can be used to selectively re 
move water from a gaseous mixture. This embodiment 
may be advantageously used to remove a component 
which otherwise prevents detection of a second compo 
nent in a multi-component gaseous mixture. 

Since the transducing thin metal ?lm (12) is very thin, 
it is important that the upper surface of the dielectric 
window (11) be substantially planar to avoid step cover 
age problems. Accordingly, in an advantageous em 
bodiment a boron di?‘usion may be used to form both 
the rim (14) next to the dieletric window (11) and the 
resistive heater means (15) under it. The rim (14) elimi 
nates front-back alignment problems, while the bulk-dif 
fused heater means (15) maintains the planarity of the 
window (11) in a way not possible using polysilicon 
structures. Large heater contact areas minimize the, 
thermal effects on this region. 
The transducing thin metal ?lm (12) may be depos 

ited after the ?nal silicon etch and die separation to 
avoid compatibility problems with the silicon etch and 
for additional ?exiblity of sensor ?lm on a given wafer. 
Shadow masking may be used to allow selective local 
ization of the transducing area. 
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The conductivity cell electrode means (13) or (22) _ 
may be made of chrome/ gold electrodes, or preferably, 
if the device is to be used at high temperatures, these 
electrodes may be made of a refractory material such as 
tantalum, titanium and iridium-containing materials or 
refractory metal silicides. 
As illustrated in FIG. 2, in another embodiment, 

good physical contact with the transducing thin metal 
?lm (12) may be obtained by evaporating an additional 
two circles of metal (16) (e.g. Au, Ta, Ir, Al) on each 
side of the device, thereby forming a sandwich of the 
original conductivity cell electrodes (13), the ultrathin 
metal particle ?lm (12) and another layer of metal (16). 
This ?gure also illustrates (21) heater contact means. 
FIG. 9 provides a top view of the con?guration of a 

preferred embodiment of the present invention. The 
device of FIG. 9 illustrates a particular heater (15) de 
sign which provides improved temperature distribution 
across window (11), contacts (31), and a thermopile (30) 
for independent temperature measurement. 

OPERATION OF THE DEVICE 

The detector of this invention has a signi?cantly 
simpler operating process and requires less input power 
than previously reported designs. The principle on 
which the device is based is also di?'erent. 

It is known from catalysis that a given gas has a char 
acteristic temperature at which it will desorb from a 
given metal. These characteristics can be utilized to: 

(a) identify the gas through its induced desorption; 
and ‘ 

(b) to remove possible unwanted species by ramping 
the temperature above the temperature at which de 
sorption occurs. ' 

In light of this there are two possible modes of opera 
tion for the device heater. In-the ?rst mode, the heater 
current is held constant and changes in gaseous environ 
ment cause changes in the heater resistance and in the 
device temperature. These induced changes are depen 
dent upon the amount and the thermal conductivity of 
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6 
the gases present and may be used to identify and quan 
tify the presence of a gas. 

This phenomena is the basis for two well-known 
pressure gauges; the Pirani gauge and the thermocouple 
gauge. Interestingly, the cited drawbacks to these 
gauges is the species speci?city due to thermal conduc 
tivity differences which is actually advantageous in gas 
sensing. A drawback of this mode is that both thermal 
and chemical events may be occurring simultaneously 
and they are difficult to decouple in this mode. 

In the second operating mode, the heater resistance 
and temperature are held constant by adjusting the 
amount of current through the heater. Thermal infor 
mation about the gases present is obtained from the 
magnitude of the required current adjustment needed to 
maintain the desired temperature and the chemical in 
formation is obtained from the thin ?lm resistance and 
capacitance changes. 
Gas adsorption and possible surface reaction on the 

transducing thin metal ?lm changes its resistance and 
capacitance. The resulting changes are used to generate 
an output voltage dependent on the type and quantity of 
gas present, thus permitting detection and identi?cation 
of the gas. 

In the case of a two-point probe, illustrative equiva 
lent circuits which may be used is diagrammed in FIGS. 
7a and b. The ?rst measured parameter is the voltage 
drop, V1, across the known resistor, R1. The source 
current is then calculated from 

Is=(Vl/Rl) _ (2) 
If dc current is used, the unknown device resistance is 
calculated from 

Rx=(Vx/Is) (2) 
The dc case provides no information on the capacitance 
of the device. 
For ac current, the total impedance of the device, Z‘, 

which includes the parallel contribution of the thin ?lm 
resistance and capacitance, is obtained from the voltage 
drop V, across the device and the series current 1;, 

z,=(V./‘I.) <3) 
The impedance is a function of the parallel resistance 
and capacitance of the device as follows: 

Zx= lRx/(imRxcx‘l' D] (4) 
where m=21rv and v is the frequency of the input cur 
rent. The phase shift, (I), is also a function of R, and C,,,: 

Equations 4 and 5 are then used to solve for the un 
known values of R, and Cx. 
The difference between the two-point measurement 

(FIG. 7b) and the four-point probe measurement (FIG. 
7a) lies in the location of the conductivity cell elec 
trodes where the unknown voltage is measured. This is 
shown in the circuit illustrated in FIG. 7. 

Part of the device resistance, including a signi?cant 
amount of the contact resistance can be essentially ig 
nored by just measuring across two inner electrodes. 
The calculation of resistance and capacitance is identi 
cal to that shown for the two-point case. 
Gas adsorption on the surface of the transducing thin 

metal ?lm alone may change the ability of current to 
flow through the conductivity cell electrodes means, 
thereby causing a change in resistance and/or capaci 
tance. This change can then be correlated to the gas 
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type and the concentration of gas, even in the presence 
of other gases. Since this is only a surface change, the 
response is rapid and structural changes in the ?lm are 
dramatically lessened. 
A calibration curve for device resistance and capaci 

tance and for required heater current adjustments as a 
function of temperature and pressure and input fre 
quency for each gas and thin ?lm is ?rst obtained. In the 
ideal case, introduction of a given pressure of a gas will 
cause a characteristic resistance and capacitance change 
of the thin ?lm and thus the gas can be identi?ed on the 
basis of this measurement. 

If a single data point does not provide enough infor 
mation to identify and quantify the gas, the device tem 
perature and/or input frequency can be cycled or the 
total pressure changed by the addition or removal of 
some gas and more measurements taken. Again, this is 
compared to the calibration curves for a positive identi 
?cation and quanti?cation. 

It is possible that different gases may cause the same 
resistance changes on a given thin ?lm or that a combi 
nation of gases could confound the measurement by 
interactive effects. This is when temperature pro 
grammed desorption becomes important. A given gas 
desorbs at a characteristic temperature from the thin 
?lm in question. The temperature is ramped to this 
temperature to induce this desorption. A resistance or 
capacitance change occurs after removal of the gas if it 
is indeed present and also allows any other species that 
were blocked from adsorption at lower temperatures to 
adsorb and be sensed. 

In the event that there still is not a sufficient amount 
of information to identify and quantify the gas, the se 
quence may be repeated with a different thin ?lm until 
all the constituents of the mixture have been identi?ed 
and quanti?ed. This is one of the advantageous uses of 
the array of sensors provided by the invention where 
the number of sites in the array is determined by the 
sensitivities and selectivities of the individual ?lms to 
the gases to be sensed and the gases in question. 

If a failure occurs, treatments at high temperatures in 
a suitable atmosphere can be used to recover original 
structure and original device performance. For exam 
ple, the atmosphere used can be a reducing atmosphere 
if reducing on the metal surface is desired. The atmo 
sphere can be an oxidizing atmosphere if oxidation of 
the surface is desired. And the atmosphere may be inert 
if it is desired to simply free the surface of contaminants. 
From a given wafer, hundreds of different gas sensors 

_ can be fabricated depending upon the transducing ?lms 
chosen. In another embodiment, illustrated in FIG. 4, 
the present detector may be used to form one cell in a 
multi-element gas analyzer chip (19) in which a plural 
ity of dielectric windows (11) are each coated with a 
different thin metal ?lm material and equipped with an 
independent heater control means. In this embodiment 
heater/detection circuit means (18) and ADC/interface 
circuit means (17) are provided. 
With this design different responses from each of the 

windows in the presence of individual gases, or gaseous 
mixtures, allows response pro?les to be derived. These 
characteristic pro?les are then used to enhance the 
device’s selectivity and sensitivity to a variety of gases. 
In addition, temperature-programmed desorption can 
be used for additional selectivity and control. 

Other features of this invention will become apparent 
in the course of the following descriptions of exemplary 
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embodiments which ‘are given for illustration of the 
invention and not intended to be limiting thereof. 

Illustrative Manufacture and Operation of the Present 
Device 

A (100) oriented silicon wafer is patterned with pho 
tolithography on both sides to de?ne boron diffusion 
regions that will de?ne the size of the diaphragm win 
dow (11) and the recessed heater means (15). Diffusion 
is followed by thermal oxidation, and chemical vapor 
deposition nitridation and oxidation to form three di 
electric layers. These three dielectric layers eventually 
form the window (11) in mild tension. 
Opening of the contacts to the heater below the win 

dow is next followed by metal deposition of chromium 
and gold or other suitable metals to de?ne both the 
contacts to the heater (15) and the conductivity elec 
trodes (13) used for gas sensing. The dielectrics formed 
on the backside of the wafer are removed and the wafer 
is immersed in anisotropic EDP (ethylenediamine pyro 
catechol) which etches silicon but not highly p-doped 
regions, dielectrics or metal electrodes. This de?nes the 
window area and leaves it thermally isolated from the 
rest of the device. The etch also allows separation of the 
individual sensors from the wafer itself. 
The ?nal stage is the deposition of the thin metal 

particle ?lm (12) on the surface of each sensor. This 
allows for greater ?exibility in choice of transducing 
?lms and ?lm thickness. The thin ?lms may be ?ash 
evaporated through a shadow mask over the sensors. 
The transducing thin metal ?lm may also be applied by 
sputtering. Either of these approaches allows selective 
placement of the ?lm. However, this invention is not 
limited to thin ?lms formed by flash evaporation or 
sputtering. The thin ?lm may be formed by any suitable 
method, depending on the nature of the material used to 
make the ?lm. 
Exemplary heater means characteristics and a simula 

tion of the temperature distribution over the window 
are provided in FIGS. 5a and 5b. Upon completion of 
the silicon etch, the heater means was 5 pm deep with a 
resistance of about 500 ohms at room temperature. The 
dielectric windows were heated with an efficiency of 
about 3' C./mW and had a thermal time constant of 
about 10 msec. The heaters had been cycled to tempera 
tures exceeding 1000' C. without difficulty, although 
for continuous operation at such extreme temperatures, 
a different electrode metallization system (e.g., tanta 
lum) should be used. 
For example, the sensors may be fabricated with a 

Ti/Ir refractory system and the heaters and heater 
contacts are stable at 1000' C. One heater was at 1000' 
C. for 20 minutes and its performance did not change. 
As an aside, the sensors will probably only be ramped 
up to high temperatures for short periods of time to do 
temperature programmed desorption experiments. 
FIG. 3 shows the response of one device to the intro 

duction of pressures from 0 to 800 mTorr for “pure” 
hydrogen with a 8.5 nm-thick Pt sensing ?lm tested at 
constant heater current. This ?gure shows a resistance 
change of a 8.5 nm Pt ?lm vs. pressure of hydrogen plot 
that demonstrates the ability of the sensor not only to 
detect gases but also to quantify them. Gas sensitivity as 
a function of temperatures increases for higher tempera 
tures in the pressure range noted. 
The sensor also detected trace amounts of oxygen 

(250 ppm) in the presence of high concentrations of the 
?uorocarbon (200 m1‘). Detection of parts per million 
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of reactive ion etching process gases were the original 
target of the work and our work shows that there was 
no response to CF4 at the pressures commonly used in 
RIE processing. However, and this is one of the signi? 
cant aspects of this device, parts per million of oxygen 
in the presence of the ?uorocarbon were detected and 
can be quanti?ed. 
The response is linear with oxygen concentrations in 

the ppm range. The device's high selectivity for O2 in 
the presence of CF4 simpli?es sensing for 02 in a CF4 
atmosphere since the major constituent can essentially 
be ignored while analyzing for ppm impurities of 02. 
The device has shown no noticeable drift or hystere 

sis on repeated temperature cycling. The response time 
is on the order of 1 second since the device operates 
based strictly on surface effects, and is substantially 
faster than existing gas sensors, which rely on diffusion 
of the gas throughout the bulk of the ?lm and as a result 
respond in minutes. 
FIG. 8 provides a 1n(R/RO) vs. temperature graph 

that shows the ability of a device equipped with a 6.5 
nm Ti plus 3.5 nm Pt ?lm to discriminate between two 
different gases on the basis of the gas chemistry. Con 
stant temperature operating mode was used. 

The graph shows a relation of resistance (R) to resistance (R0) as a function of device temperature. The 

upper curve is for the case of 80 mT 02 and the lowest 
for 700 mT Hz. The intermediate curve is of tempera 
ture cycling in ultra-high vacuum (i.c., very low gas 
concentration) which essentially shows the temperature 
coef?cient of resistance of the thin ?lm itself. The re 
sults are as expected with Oz apparently causing an 
oxidation event resulting in more insulating behavior 
(higher resistance) and the H2 apparently causing a 
reduction event or more metallic behavior (lower resis 
tance). 

Obviously, numerous modi?cations and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described 
herein. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A device for detecting a gaseous species, compris 

mg: 
(i) a substrate having two opposed major surfaces and 

including a dielectric window region; 
(ii) heater means situated on said dielectric window 

region on one of said opposed surfaces; and 
(iii) a conductivity cell electrode means/thin trans 
ducing metal ?lm assembly situated on said dielec 
tric window region on the other of said opposed 
surfaces; 

wherein: 
said thin transducing metal ?lm contacts said conduc 

tivity cell electrode means; 
said heater means heats said thin transducing ?lm; 
and 

said conductivity cell electrode means senses the 
conductivity and capacitance of said thin transduc 
ing ?lm. _ 

2. The device of claim 1, wherein said metal ?lm is at 
least one member selected from the group consisting of 
platinum, palladium, ruthenium, nickel, copper, rho 
dium, molybdenum, iridium, iron, cobalt, titanium, va 
nadium, tantalum, tungsten, chromium, manganese, 
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gold, aluminum, tin, magnesium, osmium, zinc and sil 
ver. 

3. The device of claim 1, wherein said thin transduc 
ing metal ?lm has a thickness of 0.5 nm to 25 nm. 

4. The device of claim 1, wherein said thin transduc 
ing metal ?lm has a thickness of from 5 nm to 10 nm. 

5. The device of claim 1, wherein said thin transduc 
ing metal ?lm has a resistance of from 10 ohms to 107 
ohms. 

6. The device of claim 1, wherein said thin transduc 
ing metal ?lm has a resistance of from 103 ohms to 104 
ohms. 

7. The device of claim 1, wherein said conductivity 
cell electrode means are chrome/gold electrodes. 

8. The device of claim 1, wherein said conductivity 
cell electrode means are made of a refractory material 
such as Ir, Ta or Ti. 

9. The device of claim 1, wherein said heater means is 
a polysilicon heater means. 

10. The device of claim 1, wherein said heater means 
is a boron-doped silicon heater means. 

11. The device of claim 1, wherein said substrate is a 
laminate comprising a silicon nitride layer sandwiched 
between two silicon oxide layers. 

12. The device of claim 11, wherein the substrate has 
a thickness in which the total silicon oxide to silicon 
nitride ratio is at least 1:1. 

13. The device of claim 12, wherein said ratio is from 
2.5:1 to 6:1. 

14. A device for detecting a gaseous species, compris 
mg: 

(i) a substrate having two opposed major surfaces and 
including a dielectric window region; 

(ii) a heater means situated on said dielectric window 
region on one of said opposed surfaces; 

(iii) a ?rst set of conductivity cell electrode mean 
s/thin transducing metal ?lm/second set of con 
ductivity cell electrode means assembly situated on 
said dielectric window region on the other of said 
opposed surfaces; 

wherein: 
said second-thin transducing metal ?lm contacts said 

?rst and said second set of conductivity cell elec 
trode means; 

said heater means heats said thin transducing metal 
?lm; and 

said ?rst and second conductivity cell electrode 
means sense the conductivity and capacitance of 
said thin transducing metal ?lm. 

15. The device of claim 14, wherein said thin trans 
ducing metal ?lm has a thickness of 0.5 nm to 25 nm. 

16. The device of claim 14, wherein said thin trans 
ducing metal ?lm has a thickness of from Sam to 10 nm. 

17. The device of claim 14, wherein said thin trans 
ducing metal ?lm has a resistance of from 10 ohms to 
107 ohms. 

18. The device of claim 14, wherein said thin trans 
ducing metal ?lm has a resistance of from 103 ohms to 
104 ohms. 

19. The device of claim 14, wherein said conductivity 
cell electrode means are chrome/gold electrodes. 

20. The device of claim 14, wherein said conductivity 
cell electrode means are made of a refractory material 
such as Ir, Ta or Ti. 

21. The device of claim 14, wherein said heater means 
is a polysilicon heater means. 

22. The device of claim 14, wherein said heater means 
is a boron-doped silicon heater means. 
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23. The device of claim 14, wherein said substrate is a 
laminate comprising a silicon nitride layer sandwiched 
between two silicon oxide layers. 

24. The device of claim 23, wherein the substrate has 
a thickness in which the total silicon oxide to silicon 
nitride ration is at least 1:1. 

25. The device of claim 24, wherein said ratio is from 
2.5:1 to 6:1. 

26. A multi-element gas analyzer chip, comprising: 
(i) a substrate having two opposed major surfaces and 

including a plurality of dielectric window regions; 
(ii) heater means situated on each of said dielectric 
window region on one of said opposed surfaces; 
and 

(iii) a set of conductivity cell electrode means/thin 
transducing metal ?lm assembly situated on each of 
said dielectric window region on the other of said 
opposed surfaces; 

wherein: 
each thin transducing metal ?lm contacts each corre 

sponding set of conductivity cell electrode means; 
each of said heater means independently heats each 

corresponding thin transducing metal ?lm; 
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each of said conductivity cell electrode means senses 
the conductivity and capacitance of said corre= 
spending transducing thin metal ?lm. 

27. A multi-element gas analyzer chip, comprising: 
(i) a substrate having two opposed major surfaces and 

including a plurality of dielectric window regions; 
(ii) heater means situated on each of said dielectric 
window region on one of said opposed surfaces; 
and 

(iii) first set of conductivity cell electrode means/ thin 
transducing metal ?lm/second set of conductivity 
cell electrode means assembly situated on each of 
said dielectric window region on the other of said 
opposed surfaces; ' 

wherein: 
each thin transducing ?lm contacts each correspond 

ing set of conductivity cell electrode means; 
each of said heater means independently heats each 

corresponding thin transducing metal ?lm; 
each of said conductivity cell electrode means senses 

the conductivity and capacitance of said corre 
sponding transducing thin metal ?lm. 


